Centrosomes are organelles involved in the organization of the mitotic spindle and may also be the targets of autoantibodies in autoimmune diseases. Human Ninein (hNinein) is a centrosomal autoantigen that is identified by autoimmune patient sera. However, none of the hNineinspecific fragments recognized by the autoantibodies in rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE) sera have been thoroughly characterized. We thus attempted to identify the fine specificity within the hNinein protein. In this study, four recombinant proteins in two isoforms of hNinein were used as autoantigens along with immunoassays as a molecular tool to investigate the prevalence of hNinein autoreactivity and its specificity in 22 RA and 32 SLE autoimmune disease sera. The data indicated a 50% higher prevalence of isoform 4 hNinein N-terminal autoantibodies in RA sera, whereas 22% of SLE patients were autoreactive to the N-terminal of isoform 4 hNinein compared to only a small percentage of autoreactive normal sera (5%). These results showed that autoepitopes on autoantigen hNinein are restricted to the N-terminal region and that a more significant proportion of RA patients exhibited centrosome reactivity.
Introduction
In mammalian cells, the large coiled-coil protein Ninein has been identified as a centrosomal protein (1) . Ninein associates with the minus end of microtubules and is thought to play a significant role in the stabilization, positioning and anchorage of microtubules (2) . Ninein is therefore essential for the centrosome to function as a microtubule-organizing center (MTOC) (3, 4) . Previously, we identified a novel centrosomal protein, hNinein isoform 4, using GSK-3β as bait in the yeast two-hybrid system, and observed that the full-length cDNA of hNinein consists of 2096 amino acids with a predicted molecular mass of 239 kDa. The features of this protein include a potential GTP binding site, a large coiled-coil domain together with four leucine zipper domains and a GSK-3β binding site (5) . In the same report, it was also revealed that the hNinein genome corresponded to 29 exons of the genomic sequence on human chromosome 14q22. Additionally, an alternatively spliced isoform encoded a 2090 amino acid protein of 237.9 kDa, which was designated as hNinein-Lm (hNinein isoform 5). Comparing the amino acid sequence with that of hNinein, we found that hNinein-Lm exhibited an EF-hand Ca +2 binding domain in the N-terminus, which is similar to mouse Ninein. Northern blot analysis revealed that this hNinein isoform 5 was expressed more than the hNinein isoform 4 in the tissues examined (6) . We thus postulated that the two different forms of Ninein are associated with a pair of centrioles in the centrosome structure (1, 2, 7) .
Antibodies directed against centrosomes have been described in a number of conditions including arthritis, Raynaud's phenomenon and systemic sclerosis (8) (9) (10) (11) (12) . Although hNinein is associated with some autoimmune diseases (13, 14) , none of the hNinein-specific fragments recognized by the autoantibodies in rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE) sera have been fully characterized. We thus attempted to identify the fine specificity within the hNinein protein. In the present study, four recombinant proteins in two isoforms of human Ninein were constructed by the expression pattern as autoantigens and the autoreactivities of sera from patients with RA and SLE against the fusion protein of hNinein with His-tag were investigated by immunoassays. In our results, sera from patients were directed more specifically to the N-terminal region but were not antigenic to the CCI region. Furthermore, the data indicated that a significant proportion of RA patients exhibited centrosome reactivity to the isoform 4 hNinein N-terminal region. These data extend our understanding of the development of autoantibodies to the centrosomal protein hNinein and of the immunological aspects of RA.
Materials and methods
Patients. Sera were collected from 54 outpatients who received treatment at the Department of Immunity and Rheumatism at Kaohsiung Medical University (KMU, Kaohsiung, Taiwan). Out of 54 patients, 32 patients presented SLE and 22 presented RA. These diagnoses met the American College of Rheumatology (ACR) criteria for SLE and RA. Normal sera (n=20) were collected from blood donors at KMU. The samples were obtained with informed consent, and the study was approved by the ethics committee of KMU.
Plasmid constructions, protein expression and purification.
hNinein fragments ( Fig. 1A) were amplified from plasmid DNA by PCR, cloned into pET-32a (Clontech). The generated plasmids were named pET-32a-NLM, NH, CCI and CH. To determine the correctness of all the cloned sequences, nucleotide sequencing was performed by ABI PRISM™ 3730 Genetic Analyzer (Perkin-Elmer). Plasmids pET-hNinein-NLM, pET-hNinein-NH, pET-hNinein-CCI and pET-hNinein-CH, which express His-tagged N-terminus-hNinein isoform 5 (corresponding to amino acids 1-471), His-tagged N-terminus-hNinein isoform 4 (corresponding to amino acids 1-477), His-tagged first leucine zipper-hNinein (corresponding to amino acids 455-1187 of hNinein isoform 5 and amino acids 461-1193 of hNinein isoform 4) and His-tagged C-terminus-hNinein (corresponding to amino acids 1616-1931 of hNinein isoform 5 and amino acids 1622-1937 of hNinein isoform 4, respectively) in Escherichia coli BL21/(DE3), respectively. To generate variant His-tagged hNinein fusion proteins, 0.3 l of pET-32a/His-tagged-NLM, NH, CCI and CH-transformed Escherichia coli BL21 (DE3) was grown to the mid-log phase. Samples were induced at 37˚C with isopropyl-1-thiob-D-galactopyranoside (IPTG), lysed by sonication in buffer A (20 mM Tris-HCl, 0.8% NaCl, 0.1% lysozyme, and supplemented with protease inhibitors) and purified by chromatography on Ni-charged agarose. After washing, His-tagged hNinein fusion proteins were eluted with buffer containing 500 mM imidazole.
Western blot analysis. For Western blot analysis, cells were harvested and washed once in phosphate-buffered saline (PBS). Cells were then resuspended in cell lysate buffer (20 mM PIPES, pH 7.2, 100 mM NaCl, 1 mM PMSF, 1 mM EDTA, 0.1% Chaps, and 10% sucrose). Samples were left for 30 min on ice, and centrifuged at 14,000 rpm for 30 min at 4˚C. The supernatant was removed into a fresh centrifuge tube to which the protein sample buffer was added. The sample was then heated to 95˚C for 5 min followed by analysis by 10% SDS-PAGE as previously described (15) . Proteins were transferred to polyvinylidene difluoride membrane and incubated for 2 h in blocking buffer (5% TBS/0.1% Tween-20). His-tagged polyclonal antibodies or patient sera (1:250) were incubated in blocking buffer for 2 h at room temperature, and the membrane was incubated in horseradish peroxidaseconjugated anti-human IgG secondary antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA) for 1 h. The protein bands were detected with diaminobenzidene substrate.
Enzyme-linked immunosorbent assay. Detection and titration of the antibody to a fragment of hNinein were examined using indirect enzyme-linked immunosorbent assay (ELISA). His-tagged hNinein fusion protein and His-tagged protein were prepared and used as antigens. Microtiter plates (96-well) were coated with His-tagged hNinein fusion protein in PBS (pH 7.4) for 15 h at 4˚C. His-tag protein was simultaneously coated in each well as a control. The wells were then washed with phosphate buffered saline plus 0.1% Tween-20 (PBS-T), followed by treatment with 1% BSA in PBS for 2 h at room temperature. The wells were incubated with patient sera or the pooled negative control sera diluted at 1:250 with 1% BSA in PBS for 2 h at 37˚C, followed by extensive rinsing with PBS-T. Subsequently, the wells were incubated with HRP-conjugated mouse anti-human IgG antibodyat a 1:2000 dilution for 1 h at 37˚C. The plates were washed with PBS-T, and a 100-µl solution of o-phenylenediamine (Sigma, St. Louis, MO, USA) was added to each well. After 30 min, the reaction was stopped by 
Cell culture, transfection and indirect immunofluorescence.
Human cultured cells (HeLa) were grown at 37˚C in DMEM supplemented with 10% FCS and penicillin-streptomycin (100 IU/ml). For transient transfection studies, HeLa cells were seeded onto glass coverslips at a density of 1x10 6 cells per 12-well plate. DNA (1 µg) was transfected into HeLa cells using Lipofectamine 2000 (Invitrogen). After 24 h, the cells were fixed in cold methanol for 20 min and immunostained as previously described (16) . The fixed cells were probed with human sera (1:250 dilution) and anti-γ-tubulin monoclonal antibody (1:500 dilution) (Sigma). The secondary antibodies were rhodamine-conjugated anti-human IgG, fluorescein isothiocyanate (FITC)-conjugated anti-human IgG (1:1,000; Santa Cruz Biotechnology) and DNA was stained with DAPI (Roche). Coverslips were mounted with fluorescent mounting medium containing 15 mM NaN 3 . Images were captured using an OLYMPUS IX71 microscope (magnification, x100), 1.3NA UPlanFl objectives, and FLUOVIEW software (Universal Imaging). The z-axis stacks were compiled as single two-dimensional projections using FLUOVIEW software. The images were imported into Adobe Photoshop v5.0 for contrast manipulation.
Results

Analysis of centrosome reactivity by indirect immunofluorescence.
We first investigated whether patient sera exhibited a specific Ninein staining pattern against centrosome structures, using indirect immunoflorecence to confirm the centrosome autoreactivity to hNinein antigens in vivo. In this test, the prevalence of hNinein autoreactivity was examined in patient sera or healthy control sera on human cultured cells (HeLa) using an antibody to γ-tubulin as a marker for the centrosome. The anti-γ-tubulin antibody gave a characteristic centrosome pattern of one or two small fluorescent dots which were either adjacent to or superimposed on the nucleus. Fig. 1A shows that a representative RA serum, but not a healthy control serum yielded an identical pattern without staining the nucleus or other cellular structures. The hNinein/GFP gene was then transfected to HeLa cells, and hNinein/GFP and γ-tubulin were stained in the same cells. Mounting evidence indicates that hNinein colocalized at the centrosome (Fig. 1B) . This observation of the consistency between the hNinein autoantigen and hNinein/GFP suggests that the serum exhibited centrosomal hNinein autoreactivity.
Overexpression and purification of the four recombinant pET-32a/partial Ninein proteins. We then attempted to determine the antigenic regions of hNinein. For this purpose, four pET-32a plasmids with two isoforms of hNinein cDNA fragments were constructed by expression pattern as the peptides NLM, NH, CCI and CH, which together largely covered the protein coding region of hNinein. The schematic structures of the two alternatively spliced human Ninein isoforms (isoforms 5 and 4) are shown in Fig. 2A . The partially purified recombinant NLM, NH, CCI and CH fusion proteins were produced as His-tagged fusion proteins and then blotted with His-Tag antibodies, as shown in Fig. 2B and C.
Detection of autoantibodies to hNinein in RA and SLE by
Western blotting and ELISA. The percentage of those patients whose sera exhibited positive reactivity to hNinein NLM, NH, CCI and CH was then determined by immunoassay. Results from the Western blot assay revealed that hNinein fusions NLM, NH, CCI and CH were immunoreactive towards RA and SLE antisera (Tables I and II ). Fig. 3 shows Western blot results obtained with a representative sample of these sera.
Notably, we found that the autoreactivity of test-positive sera shown as RA-2 was significantly strong to NH and NLM, weaker to CH and not reactive to CCI. A retrospective chart review showed that, there was no apparent correlation between serum autoantibody reactivity and clinical diagnosis. The specificity of NLM, NH, CCI and CH autoantibodies in sera from patients with RA and SLE was confirmed by ELISA, which is consistent with the data from the Western blot analysis using the same sera. Fig. 4 shows ELISA results obtained with 22 samples in RA, 32 samples with SLE and 20 samples from healthy donors. The number of positive sera and frequency of reactivity of all the patient sera are shown in Table III . In RA patient sera, we found that the frequency of autoreactivity against hNinein is NLM peptides 18%, NH peptides 50%, CCI peptides 0% and CH peptides 9%. On the other hand, the frequency of autoreactivity against hNinein in SLE patient sera is NLM peptides 6%, NH peptides 22%, CCI peptides 0% and CH peptides 0%. Only a small percentage of normal sera were autoreactive with the hNinein NH peptide (5%). This result indicates that there is a hNinein-specific immune response in RA and SLE patients, particularly to epitope(s) in the NH fragment.
Discussion
Our main findings were first, hNinein autoantibodies were present more frequently in RA and SLE patients than in normal individuals; second, with the exception of CCI, each fragment of hNinein carries autoepitopes, among which NH was the most frequently recognized; third, autoantibodies to the C-terminal fragments of hNinein (CCI and CH) were nonexistent or rare among the RA and SLE patients; and finally, the frequency of autoantibodies to NH was much higher than that of autoantibodies to NLM among both RA and SLE patients (17) (18) (19) . In this study, frequencies of autoantibodies to four specific hNinein autoantigens in a cohort of human sera were investigated by immunoassay. Our data revealed that the N-terminal NH region was most frequently recognized in the serum of anti-hNinein antibody-positive patients. Specifically, 50% of the RA and 22% of the SLE patients who were positive for anti-hNinein 
Diagnosis
Sera positive for hNinein autoantibodies antibodies reacted with the NH fragment. Of 18 anti-hNinein antibody-positive patients, 12 reacted only with NH, and exclusively with NLM or CH. The remaining 6 anti-hNinein antibody-positive patients also reacted with NLM and/or CH, in addition to NH. In other words, the reactivity of NLM-and CH-positive sera was always coexistent with NH-positive reactivity. These data indicate that the NH fragment includes a specific immunodominant epitope of hNinein, and that antigens are being identified in the NLM and CH fragments. hNinein is not reactive with autoantibodies due to its impermeability to the cell membrane. Therefore anti-Ninein antibodies have no direct effect on their target protein, hNinein. Our database search failed to detect sequence homology between the autoepitopes within the hNinein molecule and the sequences of any previously reported protein from a microorganism. However, the anti-hNinein antibodies may cross-react with some soluble antigens in the structure of sensorial joints as part of the joint destruction in RA or SLE. In addition, it is possible that the self-antigen hNinein would have to be released from injured tissues to invoke autoreactivity. The underlying reason for hNinein serving as an autoantigen remains to be determined. Furthermore, in our investigation, CCI exhibited no binding strength to hNinein, whereas the N-terminal fragments displayed the strongest binding strength. One possible explanation is that these autoepitopes in NH fragments may be recognized as surface structures on the centrosome involved in the formation of antigenic determinant regions, which may play unidentified functional roles as an important region for the induction of autoimmunity (20) (21) (22) . The dominant coiledcoil structures of CCI fragments in dimer configuration are more capable of forming interactive linkages instead of epitope structure (20, 22) .
Notably, although both the N-terminal hNinein isoforms are similar in structure, our data showed that the prevalence of the anti-NH autoantibody was significantly higher than that of the anti-NLM autoantibody in tested patients. Nevertheless, the finding of the N-terminal autoepitope on two isoforms of hNinein is consistent with the earlier report by Mack and coworkers (13) describing a large spectrum of Ninein autoepitope that recognized the recombinant fragment in a cohort of autoimmune sera. Thus, our data should provide important information concerning the role of the hNinein autoantigens within the centrosome complex and may support the notion that the specific immune response to a centrosome protein, such as hNinein, may be a crucial modulator of the pathologic process in this subset of autoimmune patients.
